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Abstract 
It is known that the Brazilian oils are more heavy - super heavy - viscous, its operation is difficult, especially its 
production, including all stages - elevation, runoff and primary processing - in addition to their transfer, and refining 
itself. Studies indicate the existence of oil fields as heavy lifting and that the simple flow of the base of the pit to the 
surface seems impossible at first sight, especially in off-shore fields, compromising both technically and 
economically a project to produce a new field. Therefore, efforts are needed to develop alternatives aimed at reducing 
the API gravity, viscosity and sulfur content of extra-heavy oil, adding a higher commercial value for these oils. 
This work aims to study, propose and develop enhanced hybrid process that transforms the extra-heavy oil, or part 
thereof, in lighter crude oil to generate a mixture: lower sulfur content, lower density, lower viscosity, lower content 
of volatile (aromatics and asphaltenes), greater resistance to the processes of purification. The process studied is the 
Reactive molecular distillation with the addition of tetralin that suffer from high temperature cracking of molecules, 
providing protons that help the breakdown of asphaltenes and residues will suffer as a consequence physicochemical 
changes, such as those mentioned above. This way you can improve the problems associated with the deposition of 
asphaltenes at high temperatures. The conversion of light with immediate reduction of API gravity and sulfur content 
promoted a better use of extra-heavy oil and the DMR is a product of high-value oil and very interesting for the oil 
industry and the environment. The experimental work proposed in this study was conducted to cracking and 
separation of fractions and petroleum. The evaluation and characterization of the cracking results were obtained after 
analysis of properties such as density, viscosity, sulfur content, molar mass and mass balance of the currents. 
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1. Introduction 
The molecular distillation is not a conventional process; it represents a type of low pressures 
vaporization, and correspondingly low temperatures. It is indicated for the separation of homogeneous 
liquid mixtures that contain thermal cracking substances of high molecular weight and low volatility [1]. 
Molecular distillation involves, basically, two mechanisms: evaporation and condensation, in which vapor 
molecules escape from the evaporator in direction to the condenser, where condensation occurs. It is 
necessary that the vapor molecules generated find a free path between the evaporator and the condenser, 
the pressure below and the condenser be separated from the evaporator by a smaller distance than the 
mean free path of the evaporating molecules [2]. 
Since there is practically not return of the evaporated molecules to the liquid phase (there not exist 
vapor-liquid equilibrium), the molecular distillation is considered a process of non equilibrium. 
Currently, many companies have adopted process intensification, creating innovative techniques and 
methods increasing the energy efficiency and the yield of the processes. The combination of chemical 
reaction and distillation in a unique process has become popular nowadays due to its potential to improve 
conventional processes design. This combination is advantageous especially for equilibrium limited 
reactions because the reaction products are continuously removed from the reaction zone. In reactive 
distillation process the number of equipment and the energy used are frequently much lower than in a 
conventional process. The reactive distillation process offer several advantages. It allows increase the 
yield due to overcoming the chemical and thermodynamic limitation of equilibrium; the selectivity is 
increased through suppression of undesired consecutive reactions [3]; the products are exposed to the heat 
only once, reducing opportunity for degradation among other things. 
In this context, the concept and the equipment of reactive molecular distillation was developed, in 
which it simultaneously happens the coupling of molecular distillation (high vacuum) and reactive 
conversion. The configuration of the equipment of molecular distillation allows to submit the material at 
adequate temperatures (high vacuum process), to have short residence time (operational), and to have a 
very intense contact of the sample with the catalytic surface. These factors must provide high evaporation 
rate and high kinetics of reaction, consequently, elevated distillation/conversion rate allowing high 
processing rates.  
In the reactive molecular distiller happens simultaneously the coupling of molecular distillation (high 
vacuum) and reactive conversion. The new concept and equipment developed by this research group is 
very robust and it can be characterized as hybrid and intensified process. The design of reactive molecular 
distiller was developed and constructed by this research group. The configuration of this equipment 
allows to submit the material at suitable temperatures (high vacuum process), to have short residence time 
(operational), and to have a very intense contact of the sample with the catalytic surface. The combination 
of molecular distillation with reaction is advantageous especially for equilibrium limited reactions, since 
the reaction products are continuously removed from the reaction zone. 
Reactive molecular distillation (RMD) process distilled the residue of petroleum with addition of 
tetralin, this mix suffer from high temperature cracking of molecules, providing protons that help the 
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breakdown of asphaltenes and residues will suffer as a consequence physicochemical changes, such as 
those mentioned above. 
The residue is the major fraction of low value in the refining of crude oil. This product, used primarily 
as low grade fuel, may be less valuable to a refiner than the crude from which it is made. Residuum can 
be as much as 60% of the crude run to a refinery; the national average is probably 12 to 15%. Refiners 
have given considerable attention to upgrading crude residue. 
The positive action of tetralin in processes involving the thermal cracking of heavy oils has been 
reported as a pyrolysis reaction, due to his ability as a proton donor solvent. The mechanism of thermal 
cracking in the presence of hydrogen donor solvent has been described as pyrolysis reactions with free 
radical. The radicals formed are stabilized by hydrogen extracted from the solvent. The pyrolysis of 
tetralin can be described by the scheme shown in Figure 1. 
 
 
 
 
Fig. 1. Steps involving the thermal cracking of tetralin with release of protons. 
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Nomenclature 
RMD reactive molecular  distillation 
 
2. Materials and Method 
      
The equipment described below corresponds to the Reactive Molecular Distiller that will be used in 
upgrading heavy and extra heavy petroleums. The Reactive Molecular Distiller  is constituted by a system 
for removal the light compounds by the reactive molecular distillation system. All operational utilities are 
included, such as the vacuum system, heating/cooling systems, the system of pumps and the supervision 
and control systems. The operational capacity of the equipment is of 5 to 40 liters/hour what makes 
possible its use for developing and optimizing processes, and it operates continuously so that good 
quantity production (pilot plant) is achieved. The temperature can vary from  to 723 K and the pressure 
can reach  0.1 Pa.  
The reactive molecular distiller is formed by the evaporator/reactor (heated conical rotor), the 
condenser, the vacuum generation system (diffusion and mechanical pumps), the utilities, and the support 
and activation systems. The reactive molecular distiller uses centrifugal force for promoting the 
distribution of liquid film on the evaporator, which has a conical shape. Figure 1 shows a simplified 
scheme of reactive molecular distiller. The distillate stream is formed by cracked and lighter molecules 
which are evaporated and reach the surface of the condenser. The heavy stream (residue stream) is formed 
by heavier molecules and those that did not crack that remain in the evaporator. 
 
 
Fig. 2. Simplified scheme of reactive molecular distiller 
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The experimental work proposed in this project will be conducted to cracking and separation of 
fractions and petroleum. Evaluation of cracking and characterization of results are obtained after analysis 
of properties such as density, viscosity, sulfur content, simulated distillation, molecular weight and mass 
balance of the currents. 
With the proposed introduction of a homogeneous mixture (vacuum residue attached to the solvents 
described) has been the continuity of research involving the cracking of waste via the DMR. It is 
expected, with the new proposed objective, reducing the total number of sulfurs present in the waste, 
reduce the content of unstable, improve operational conditions (avoiding the blockage of the currents of 
the distiller), working with a power guaranteeing the same homogeneous sample from the beginning to 
the end of the processing load on the DMR. 
The determination of the concentration of sulfur in petroleum and its derivatives is an important step in 
the production process, because in addition to regulations, the quality and therefore the price of oil is 
directly related to the amount of sulfur present. Thus, the determination of sulfur in oil is not only interest 
in analytical chemistry, but especially important industrial, economic and environmental [4]. 
3. Results and Discussion 
The previous experiment are being done. In the previous experiment, a residue of petroleum was 
submitted to the reactive molecular distillation process added 3% of tetralin. The temperature of 
distillation was between 483 to 543 K, this temperature showed insufficient to disdiller this heavy 
petroleum. To next phase the temperature will be text above 573K.  
This project seeks a product (oil) with better characteristics than those processed by conventional 
means in the oil industry. Working with the DMR vacuum residue in addition to the solvents mentioned 
above, is expected to produce a less viscous oil less dense and lower rate of sulfur from the processed oil 
in the refinery thermal cracking. That is, the currents of the distillate and residue obtained by DMR have 
better characteristics than the product of thermal cracking done by the industry. 
The sulfur compounds are most noticeable and undesirable contaminants from the oil and a large part of 
these compounds can be transferred to the diesel fuel during the refining process. In general, sulfur occurs 
as hydrogen sulfide, organic sulfides and disulfides, benzothiophene, dibenzothiophene and their 
alkylated derivatives. After combustion of diesel, sulfur compounds are converted to sulfur oxides (SOx), 
which contribute to environmental pollution and acid rain. While environmental regulation has been 
applied in many countries to reduce sulfur levels in diesel and other fuels, sulfur removal still represents a 
major operational and economic challenge for the petroleum refining industry. 
Due to the complexity of the oil, it becomes difficult using just an analytical technique to characterize a 
product or by-product oil. Thus, different techniques are used to try to characterize the products obtained 
from the molecular distillation process and mainly reactive, check cracking and separation of compounds 
which make the equipment proposed. The evaluation and characterization of the cracking results were 
obtained after analysis of properties such as density, viscosity, sulfur content, molar mass and mass 
balance of the currents. 
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4. Conclusion 
As reported in the literature, the presence of oil in tetralin favors the pyrolysis reactions by donating 
protons to the medium, whereas during the process of micellization of asphaltenes is to be formed of 
charge transfer complexes and hydrogen bonds. The presence of protons stabilization inhibits the 
decomposition products at high temperatures; tend to polymerize to form coke. This work indicates that 
testing should be carried out in pilot plants and / or process units to evaluate the efficacy of tetralin as a 
solvent in the thermal cracking reactions. Likewise, tests should be performed on the samples for the cut 
bigger than 673 K, in order to characterize the asphaltenes by Gel Permeation Chromatography (GPC) 
thereby determining their molecular weight, samples characterization means for monitoring the viscosity 
rheometer obtained from petroleum. 
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